Neuropeptide Y (NPY) decreases anxiety-related behaviors in various animal models of anxiety. The purpose of the present study was to examine the role of the amygdalar NPY system in anxiety-related responses in the elevated plus maze. The first experiment determined if herpes virus-mediated alterations in amygdalar NPY levels would alter anxiety-related behaviors in the elevated plus maze. Viral vectors encoding NPY, NPY antisense, or LacZ (control virus) were bilaterally injected into the amygdala, and 4 days postinjection, rats were tested in the elevated plus maze test. NPY-like immunoreactivity (NPY-ir) was measured in the amygdala of these rats. In rats injected with the viral vector encoding NPY, reduced anxiety-related behaviors in the elevated plus maze accompanied by moderate increases in NPY-ir were detected compared to NPY-antisense viral vector-treated subjects. Elevated plus maze behavior did not differ compared to LacZ-treated controls. NPY overexpression at this time point was also suggested by enhanced NPY mRNA expression seen in the amygdala 4 days postinjection using real-time polymerase chain reaction analysis. Experiment 2 was conducted to provide further evidence for a role of amygdalar NPY in regulating anxiety-related behaviors in the elevated plus maze test. The nonpeptide NPY Y1 receptor antagonist, BIBP 3226 (1.5 mg/ml), was bilaterally injected into the amygdala and rats were tested in the elevated plus maze test. Rats receiving BIBP 3226 exhibited increased anxiety-related behaviors in this test. The results of these experiments provide further support for the role of amygdalar NPY in anxiety-related behaviors. Neuropsychopharmacology (2005) 30, 1589-1597.
INTRODUCTION
Neuropeptide Y (NPY), a 36-amino-acid peptide, is one of the most abundant peptides in the central nervous system. This neuropeptide is found in cortical structures, the ventral and dorsal striatum, limbic structures, and brain stem, and is often colocalized with norepinephrine and gammaaminobutyric acid as well as other neuropeptides (Heilig and Widerlov, 1990; Kask et al, 2002) . NPY plays a role in anxiety (Britton et al, 1997 (Britton et al, , 2000 Broqua et al, 1995; Heilig et al, 1993; Pich et al, 1993; Sajdyk et al, 1999) , depression (Holmes et al, 1998; Jimenez-Vasquez et al, 2000 Song et al, 1996; Stogner and Holmes, 2000; Widerlov et al, 1988) , feeding (Daniels et al, 2001; Flood and Morley, 1991; Heilig et al, 1993; Mullins et al, 2001; Polidori et al, 2000) , and seizure activity (Baraban et al, 1997; Erickson et al, 1996; Vezzani et al, 2002; Weinshenker et al, 2001; Woldbye et al, 1996 Woldbye et al, , 1997 .
The role of NPY in anxiety-related behaviors has been investigated in a variety of behavioral tests. Intracerebroventricular (i.c.v.) administration of NPY or NPY Y1 receptor agonists decrease anxiety-related behaviors in the Geller-Seifter conflict test, fear potentiated startle test, and the elevated plus maze test, without altering locomotor activity. (Britton et al, 1997 (Britton et al, , 2000 Broqua et al, 1995; Heilig et al, 1989; Nakajima et al, 1998) . In contrast, NPY Y2 receptor agonists decrease the percent time spent in the open arms of the plus maze, which is indicative of increased levels of anxiety (Nakajima et al, 1998) . I.c.v. administration of antisense oligonucleotides for the NPY Y1 receptor and i.c.v. administration of the nonpeptide NPY Y1 receptor antagonist, BIBP 3226, increase anxiety-related behaviors in the elevated plus maze test (Kask et al, 1996; Wahlestedt et al, 1993) . NPY knockout mice also show increased anxiety-related behaviors in the open-field test and the acoustic startle test (Bannon et al, 2000) .
The amygdala plays a critical role in fear-and anxietyrelated behaviors (Davis et al, 1997; LeDoux, 1992 LeDoux, , 2000 Roozendaal et al, 1997; Wallace and Rosen, 2001) . Several lines of evidence suggest that the anxiolytic-like effects of NPY may be mediated through the central nucleus of the amygdala. The central nucleus of the amygdala receives a dense innervation of NPY from the nucleus of the solitary tract, arcuate nucleus, and lateral septum (Chronwall et al, 1985; Zardetto-Smith and Gray, 1990) , and contains a moderate amount of NPY Y1 receptors, which are important for the anxiolytic effects of NPY (Wolak et al, 2003) . Administration of NPY or an NPY Y1 agonist into the amygdala selectively increased punished responding in the Geller-Seifter conflict test . In the elevated plus maze test, decreased open arm exploration, indicative of an anxiogenic effect, was found in rats receiving intra-amygdala antisense oligonucleotide injections to inhibit NPY Y1 receptor gene expression in that region (Heilig, 1995) . The effects of intra-amygdala injections of the nonpeptide NPY Y1 receptor antagonist, BIBP 3226, have been examined in the elevated plus maze behavior, but no changes in anxiety-related behaviors were found (Kask et al, 1998) .
In the current experiments, the effects of virally mediated increases and decreases in amygdalar NPY were investigated. Viral vectors are gaining widespread use as a method for gene transfer into the central nervous system (Kay et al, 2001 ). This technique is not only important for treating genetic disorders but can also be used to influence existing functions or produce new functions in the central nervous system (Carlezon et al, 2000a, b; Hermens and Verhaagen, 1998; Kaplitt and Makimura, 1997) . Viral vectors may also serve to eliminate problems associated with exogenous administration of neuropeptides, which may be subject to time and temperature degradation (Taylor et al, 1990) . Herpes simplex virus, type-1 (HSV) vectors encoding the neuropeptide enkephalin have been used successfully to alter nociception as well as benzodiazepine-induced anxiolysis in the elevated plus maze (Kang et al, 1998 (Kang et al, , 2000 . In addition, HSV vectors encoding enkephalin have been used to alter depression-related symptoms in an animal model of depression (Primeaux et al, 2003) . HSV vectors have been shown to be region specific and transient (Kang et al, 2000) . HSV vectors have been shown to be region specific and transient (Kang et al, 2000) . Owing to their short duration, HSV vectors should be less likely to significantly alter other amygdalar genes and induce receptor adaptations, as well as allow an analysis of the reversibility of the effects due to viral changes in expression (Carlezon et al, 2000b; Kang et al, 2000) .
The purpose of the current work was to determine if altered NPY levels using an HSV expression vector into the amygdala would alter anxiety-related behaviors in the elevated plus maze. It was predicted that HSV-mediated increases in amygdalar NPY expression would decrease anxiety-related behaviors and HSV-mediated decreases in amygdalar NPY expression would increase anxiety-related behaviors in the elevated plus maze. Consequently, appropriate alterations in amygdalar NPY peptide levels should be detected and correlated to anxiety-related behaviors. Additionally, the nonpeptide NPY Y1 receptor antagonist, BIBP 3226, was injected into the amygdala of naive rats to provide further evidence for the role of amygdalar NPY and NPY Y1 receptors in anxiety-related behaviors. It was predicted that BIBP 3226 would increase anxiety-related behaviors in the elevated plus maze test.
METHODS Experiment 1: Effects of Altered Amygdalar NPY Expression on Anxiety-Related Behaviors and Verification of Viral Expression
Subjects. Adult Long-Evans male rats (Harlan, Indianapolis, IN) weighing 175-200 g at the time of arrival were used in this experiment. Rats were individually housed on a 12 : 12 light/dark cycle (lights on at 0700) with food/water available ad libitum. For elevated plus maze testing in Experiment 1, eight to 10 rats per group were used. For real-time polymerase chain reaction (PCR), separate groups were used with two to five rats per group. For Experiment 2, eight to nine rats per group were used. All procedures were approved by either the University of South Carolina or Pennington Biomedical Research Center Institutional Animal Care and Use Committees, and followed the Principles for Care and Use of Laboratory Animals. Both facilities are accredited by the Association for the Assessment and Accreditation of Laboratory Animal Care (AAALAC).
Virus construction. Replication-defective, recombinant herpes viruses were created using the KOS strain of HSV with both copies of ICP4 (IE3) deleted (DeLuca et al, 1985) . For overexpression of NPY, a shuttle plasmid, pUCNPY, was created to insert an expression cassette into the viral thymidine kinase gene. An expression cassette from pCMVb (MacGregor and Caskey, 1989) containing the human cytomegalovirus immediate-early promoter enhancer, the Escherichia coli lacZ gene, and the SV40 polyadenylation site was cloned into the SnaBI site of pUCX1 (contains the 'BamP' fragment of HSV; generously provided by JC Glorioso, University of Pittsburgh). After removal of the lacZ gene, the human NPY cDNA from pBShNPY (generously provided by RE Mains, Johns Hopkins University) was cloned into the plasmid. For generation of the virus DNPY, the linearized pUCNPY was transfected with PacIdigested viral DNA that contained a similar lacZ expression cassette flanked with PacI restriction sites (virus DPZ, method of Krisky et al, 1997) into the complementing 7B cell line (Marconi et al, 1996) . Recombinant viruses were selected by three rounds of limiting dilution and the expected insertion into the virus confirmed by Southern blotting. Virus stocks were prepared using 7B cells, concentrated by centrifugation, and were stored in MEM containing 10% cosmic calf serum (HyClone), 5 mM HEPES, pH 7.4, and 10% glycerol. A diagram of the final viral construct is illustrated in Figure 1 . A recombinant virus containing the full-length human NPY cDNA in antisense orientation relative to the promoter (virus DANPY) was similarly constructed (see Figure 1 ).
HSV-mediated gene transfer surgery. At 1 week following arrival, rats were anesthetized with a combination of sodium pentobarbitol (Nembutal, 25 mg/kg, intraperitoneal (i.p.) ) and ketamine hydrochloride (40 mg/kg, i.p.). Rats were placed in a stereotaxic apparatus (David Kopf, Tujunga, CA), a midline incision was made, and bregma was measured from the skull surface. Bilateral injections of the replication-deficient HSV encoding either human prepro-NPY (DNPY, 2.0 Â 10 6 PFU/ml), NPY antisense (DANPY, 2.0 Â 10 6 PFU/ml), or lac Z (DPZ, 2.0 Â 10 6 PFU/ml) were made through two holes drilled into the rat's skull. Injections were made with a 26-G Hamilton syringe and aimed at the amygdala (AP À2.0, LM 74.6, and DV À8.7 from skull; Paxinos and Watson, 1997) . Injections were made at a rate of 0.2 ml/min (1 ml total volume) using a motorized injector (Micro 4, Microsyringe Pump Controller, World Precision Instruments) followed by a 10 min period in which the virus was allowed to diffuse prior to the needle being withdrawn. Following surgery, an injection of nalbuphine (Sigma, 1 mg/kg, subcutaneously (s.c.)) was given for postoperative analgesia.
Real-time PCR. Analysis of amygdalar NPY gene expression was conducted following HSV-mediated NPY gene transfer surgery using real-time PCR. Unilateral injections of virus encoding either NPY or Anti-NPY were compared with unilateral injections of control (LacZ) viral constructs in the same brain (see above for surgical methods). RNA from crudely dissected amygdalas at 2, 4, 6, and 8 days postinjection was isolated using RNAqueous procedures (Ambion, Austin, TX, USA) and described in Primeaux et al (2003) . Briefly, fresh tissue was homogenized in lysis buffer using a motorized tissue homogenizer (Tekmar, Cincinnati, OH, USA), aqueous ethanol was added to lysate, and mixture was filtered through a vacuum manifold apparatus. Following several washes, the samples were subjected to an elution step, a lithium chloride precipitation procedure, and an ethanol wash. Remaining pellets were reconstituted with RNAase-free water. Reverse transcriptase (RT) was conducted using M-MLV procedures (Promega, Madison, WI, USA). For RT, 2 mg of RNA from each sample was added to random primers (Promega) and incubated in a thermal cycler (PTC-100, MJ Research Inc., Watertown, MA, USA) for 5 min at 701C. Tubes were removed, placed on ice, and a mixture of 5 Â M-MLV, 10 mM dNTP, and RT buffer was added. Tubes were returned to the thermal cycler for 60 min at 371C and then 15 min at 701C. Real-time PCR was conducted with primers selective for both human and rat NPY, since the viral vector encodes human NPY. Primers were designed using Primer Express (Applied Biosystems, Foster City, CA, USA). The following primers were used for NPY: 5 0 -CCGCTCTGCGACACTACATC-3 0 and 5 0 -AAT CAGTGTCTCAGGGCTGGAT-3 0 (73 bp product) and for 18S: 5 0 -AGTCCCTGCCCTTGTACACA-3 0 and 5 0 -GATCC GAGGGCCTCACTAAAC-3 0 (69 bp product). For real-time PCR, SYBR Green 2 Â Master Mix (Applied Biosystems), forward and reverse primers (10 mM), and RT product (10 ng) were added to 96-well plates. The cycling parameters consisted of an initial 2 min incubation at 501C, followed by 10 min at 951C, then 15 s at 951C, and a 1 min annealing step at 601C (40 cycles). A dissociation step (15 s at 951C) was added following 40 cycles to determine specificity of primers. Quantity of NPY mRNA was based on a standard curve and normalized to 18S rRNA (ABI Prism 7900 Sequence Detection System, Applied Biosystems). Expression of NPY mRNA was assessed in 2-5 rats/group.
Elevated plus maze test. The elevated plus maze apparatus was made of either black Plexiglas or wood, consisted of two open (56 Â 10 Â 0 cm 3 ) and two closed arms (56 Â 10 Â 40 cm 3 ), and was elevated 50 cm above the floor. At 4 days following virally mediated gene transfer surgery or 1 week following bilateral cannulae implantation (Experiment 2), rats were brought into the behavioral testing room and immediately placed in the center of the elevated plus maze and videotaped for 5 min. Following testing, rats were removed, returned to their home cage, and the maze was cleaned with a 10% chlorine bleach solution. open arms/total entries) Â 100) were used as measures of anxiety, and the number of total arm entries and closed arm entries were used as a measure of spontaneous locomotor activity. The amount of time between virus injection and behavioral testing was based on previous research using HSV viral vectors encoding proenkephalin, which found significant alterations in behavior 3-4 days postinjection (Kang et al, 2000; Primeaux et al, 2003) .
Radioimmunoassay (RIA) of NPY. Rats were killed by rapid decapitation 30 min following elevated plus maze testing. Brains were removed, frozen on dry ice, and stored at À801C. For dissection of the amygdala and the paraventricular nucleus of the hypothalamus (PVN), 1 mm slices from each brain were cut on a freezing microtome (Microm) based on the brain atlas of Palkovits and Brownstein (1988) and beginning on Plate 25 (À1.8 from Bregma). Bilateral 2 mm punches were taken surrounding the central nucleus of the amygdala, and bilateral 1 mm punches were taken from PVN. Punches were weighed and stored at À801C. Placements of punches were verified by staining the brain slices with thionin (0.1%) and comparing the punched areas with a rat brain atlas (Paxinos and Figure 1 Schematic diagram of the HSV constructs used in this study. Viruses were constructed using the human prepro-NPY cDNA inserted in the sense orientation relative to the CMV promotor (virus DNPY) or in the antisense orientation (virus DANPY). A similar virus encoding the product of the lacZ gene, b-galactosidase (virus DPZ) was employed as a control. See Methods for construction details and abbreviations.
Watson, 1997). Improper bilateral placement of punches led to the removal of those animals from RIA data analyses. Brain samples were thawed on ice and 550 ml of 2 N acetic acid was added to each tube. Samples were boiled on a heat block (Fisher Scientific) for 15 min at 1001C and then homogenized by sonication for 30 s. The samples were centrifuged (Eppendorf, Centrifuge 5403) at 14 000 rpm for 5 min at 251C and three 150 ml aliquots were placed in polystyrene tubes. Samples were evaporated to dryness in a Labconco Centrivap concentrator and stored at 41C. An RIA kit (Peninsula Laboratories Inc., Belmont, CA) was used to assess the levels of NPY as described in . Each tube containing extracted peptide from the experimental/control tissue was reconstituted with 100 ml of RIA buffer. Tubes for determining a standard curve (1-128 pg), nonspecific binding, total binding, and total count were included in each assay. On the third day of the RIA procedure, the remaining pellets were counted in a gamma counter to determine the levels of 125 I. Levels of NPY-like immunoreactivity (NPY-ir) were determined from the standard curve after log-logit transformation of the data and results were expressed as ng NPY-ir/mg tissue weight.
Experiment 2: Effects of the NPY-Y1 Receptor Antagonist, BIBP 3226, on Anxiety-Related Behaviors Bilateral indwelling cannula surgery. At 2 weeks following arrival to the Pennington Biomedical Research Center, rats underwent surgery to implant bilateral indwelling cannulae into the amygdala. Rats were anesthetized with sodium pentobarbital (Nembutal, 70 mg/kg, i.p.) and placed in a stereotaxic apparatus (David Kopf, Tujunga, CA). A midline incision was made and bregma was measured from the skull surface. Bilateral 25-G stainless-steel cannulae, 12 mm in length were implanted with orthodontic resin (Dentsply Caulk, Milford, DE) into the amygdala, using the coordinates AP À2.0, LM 74.6, and DV À6.7 (Paxinos and Watson, 1997) . Following surgery, an injection of nalbuphine (Sigma, 1 mg/kg, s.c.) was given for postoperative analgesia.
Drug treatment. The selective, nonpeptide NPY Y1 antagonist, BIBP 3226 (Sigma-Aldrich, St Louis, MO), was dissolved in 0.9% sterile saline. On the day of behavioral testing, rats were injected bilaterally with 1 ml of BIBP 3226 (1.5 mg/ml) or sterile saline using a 31-G injector, which extended 2 mm past the guide cannula. Injections were made with an infusion pump (Harvard Apparatus, Holliston, MA) at a rate of 0.5 ml/min for a total of 2 min. The injectors remained in the cannulae for an additional minute. Rats were tested on the elevated plus maze 15 min following injections.
Histology. Rats were killed by rapid decapitation, and brains were removed and placed in 4% paraformaldehyde/ 0.1 M sodium phosphate solution for 24 h at 41C. After 24 h, brains were removed and placed in a 15% sucrose/0.1 M sodium phosphate buffer at 41C until slicing. Brains were sliced (50 mm sections) using a cryostat (Leica), mounted on slides, and stained with cresyl violet histological stain. Brain slices were examined under a low-power microscope and amygdala cannulae placement was plotted using the rat brain atlas of Paxinos and Watson (1997) . Three animals were removed from analyses due to improper cannulae placement.
Data analysis. One-way ANOVAs were performed for all behavioral measures in Experiment 1 and NPY-ir as detected by RIA. Bonferroni post-hoc analyses for viral construct were conducted if a main effect of viral construct was detected. Significance levels for all measures were set at po0.05. Two rats were removed from all analyses due to improper injection placement. NPY mRNA expression as measured by real-time PCR was determined by a two-tailed t-test for each day postinjection. NPY mRNA expression levels were based on a standard curve and normalized to the 18S rRNA housekeeping gene. The values determined from this normalization process were further normalized to the control (DPZ) side of the brain. This was carried out to eliminate the effects of differences between basal levels of amygdalar NPY gene expression. Two-tailed t-tests were performed for all behavioral measures in Experiment 2. The significance level for all measures was set at po0.05.
RESULTS

Real-Time PCR
Real-time PCR indicated a significant increase in amygdalar NPY mRNA expression at 4 days following HSV-mediated gene transfer in rats receiving viral vectors encoding NPY as compared to rats receiving viral vectors encoding NPY antisense, t(5) ¼ 5.03, po0.01. Data are represented as a ratio of NPY or NPY-antisense-treated side to the control (LacZ-treated) side (Figure 2 ). Rats receiving viral vectors encoding NPY, at 4 days, have an approximately two-fold increase in NPY mRNA levels from control (DPZ) levels. The ratio in NPY-antisense-treated amygdalas at 4 days were not significantly reduced from a ratio of one, suggesting that NPY mRNA expression in this group did not differ significantly from control (DPZ). NPY is an orexigenic peptide, and therefore, body weight on testing day was compared to body weight prior to surgery. Body weight was not significantly different prior to surgery (p40.05). However, rats receiving amygdala injections of viral vectors encoding NPY weighed significantly more than either NPY-antisense treated or control (DPZ) on testing day (244 g74.9, 225.1 g75.6, 230.5 g73.8, respectively), F(2,28) ¼ 4.33, po0.03.
Radioimmunoassay. Rats receiving injections of the HSV vector encoding NPY showed a moderate increase in amygdalar NPY-ir (ng/tissue weight) as compared to rats receiving injections of the HSV vector encoding NPY antisense (F(2,14) ¼ 2.49, p ¼ 0.11) as seen in Figure 4 . Following intra-amygdala injections of the virus encoding for human prepro-NPY, amygdala NPY-ir (mean7SEM; 18 772.1971735 ng/mg tissue) was moderately increased from control NPY levels, while NPY-ir was decreased from control NPY (mean7SEM; 16 667.4471168 ng/mg tissue) levels following intra-amygdala injections of the virus encoding NPY antisense (mean7SEM; 13 962.271613 ng/ mg tissue). As expected, HSV vectors encoding either NPY or NPY antisense injected into the amygdala did not alter hypothalamic NPY-ir (p ¼ 0.66), suggesting that alterations in HSV-mediated NPY gene expression are region specific. Correlational analyses were conducted to determine if amygdalar NPY levels (ng/tissue weight) were correlated with anxiety levels (percent open arm time). A significant positive relationship between amygdalar NPY levels and percent open arm time was found, r ¼ 0.56, po0.03 (see Figure 4) . Since several samples were removed from analysis due to inaccurate location of the punches, it is important to note that analyses were conducted only on animals that had both behavioral and neurochemical data available.
Experiment 2: Effects of the NPY-Y1 Receptor Antagonist, BIBP 3226, on Anxiety-Related Behaviors
Following BIBP 3226 or saline injections into the amygdala, rats were tested on the elevated plus maze. Intra-amygdala administration of the NPY Y1 receptor antagonist, BIBP 3226, significantly decreased the percent time spent in the open arms of the plus maze (t(12) ¼ 2.91, po0.05) and the number of entries into the open arms of the plus maze (t(12) ¼ 2.38, po0.05), suggesting an increase in anxiety in rats receiving BIBP 3226 (see Figure 5 ). Neither total arm entries nor closed arm entries were altered by BIBP 3226 administration (p40.05).
DISCUSSION
Experiment 1 was conducted to determine if HSV-mediated alterations in amygdalar NPY levels would alter anxietyrelated behaviors in the elevated plus maze test. This experiment provides evidence for virally mediated increases and decreases in amygdalar NPY peptide levels that are correlated with altered anxiety-related behaviors in the plus maze. Increases in amygdalar NPY gene expression through the use of real-time PCR were also seen in a separate group of animals. Virally mediated alterations of amygdalar NPY are region specific; viral constructs did not alter hypothalamic NPY levels. These factors provide strong evidence in support of the use of viral vectors as tools to alter behavior and neurochemistry. The anxiogenic effect of an NPY Y1 antagonist provides additional evidence for the role of amygdalar NPY and NPY Y1 receptors in anxiety-related behaviors (Experiment 2). The results from this experiment are congruent with previous evidence, indicating that NPY agonists decrease anxiety-related behaviors and NPY antisense administration increases anxiety-related behaviors.
In both experiments, the elevated plus maze test was used to assess anxiety-related behaviors. This test is a commonly used rodent model of anxiety and is susceptible to the anxiolytic effects of NPY. In the current experiment, HSVmediated increases in amygdalar NPY increased the percent time spent and the number of entries into the open arms of the plus maze, which are indicative of decreased levels of anxiety, while HSV-mediated decreases in amygdalar NPY decreased these indices of anxiety. HSV-mediated alterations in amygdalar NPY did not affect activity-related measures in this test, suggesting that the changes in anxiety seen following viral injections are due to changes in anxiety levels, not activity levels. Anxiety-related behaviors did not differ significantly between control vector animals and animals with HSV-mediated increases or decreases in amygdalar NPY. Although animals injected with sense and antisense vectors differed significantly in anxiety-related behaviors, neither group differed significantly from controlinjected animals. There are several possible reasons why this may have occurred. First, HSV-mediated overexpression may have increased amygdalar NPY gene expression and peptide levels, but NPY receptor populations may have been altered to accommodate for those increases; therefore, receptor numbers may act as a limiting factor for the behavioral effects of NPY. In addition, HSV vectors may affect multiple subregions of the amygdaloid complex, which have differing NPY receptor populations and functions. Overall, it is important to note that a significant positive correlation was found between amygdalar NPY levels and percent time spent in the open arms of the elevated plus maze, suggesting that even slight changes in amygdalar NPY gene expression and peptide levels are physiologically relevant. These results support the notion that amygdalar NPY may serve a subtle modulatory role in regulating anxiety-related behaviors in the plus maze. Experiment 1 investigated both the anxiolytic and anxiogenic effects of altered NPY expression; future experiments will examine these effects separately and will involve a preelevated plus maze stress to test the anxiolytic effects of HSV vectors overexpressing NPY and extensive handling procedures to examine the anxiogenic effects of HSV vectors underexpressing NPY.
Analysis of NPY mRNA expression using real-time PCR and NPY-ir using RIA suggested that injections of HSV vectors encoding prepro-NPY increased amygdala expression and release of NPY compared to levels seen with antisense NPY constructs. Amygdalar NPY gene expression, as determined by real-time PCR, was increased 4 days postinjection of HSV vectors encoding prepro-NPY. Rats receiving amygdala injections of HSV vectors encoding NPY antisense did not show significant decreases in NPY mRNA levels 4 days postinjection, as indicated by a ratio of 0.92 compared to the control vector (see Figure 2) . The failure to observe significant reductions in NPY mRNA may reflect a relatively small number of cells transduced by the virus compared to the total number of NPY-containing neurons in the tissue sample analyzed. Changes in amygdalar NPY gene expression were not seen at 2, 6, or 8 days postinjection, although NPY levels appear to progressively increase up to 4 days and then begin to decline in the amygdala of NPY-treated rats. This is similar to previous evidence suggesting that HSV-mediated increases in amygdalar ENK gene expression are transient (Kang et al, 2000) . Importantly, anxiety-related behaviors (ie percent time spent in the open arms of the plus maze) are significantly correlated with amygdalar NPY peptide levels (see Figure 4b ) following HSV-mediated gene transfer.
Viral vectors encoding prepro-NPY increased NPY-ir in the amygdala and vectors encoding NPY antisense decreased NPY-ir in the amygdala. Alterations in hypothalamic NPY-ir were not detected, suggesting region specificity of the viral injections. A significant relationship was found between NPY-ir in the amygdala and anxiety measures in the elevated plus maze test. There are several explanations as to why the NPY-ir changes were not of the same magnitude as seen with mRNA expression. RIAs in micropunches assess NPY-ir in neurons and newly released peptides. Since rats were killed 30 min following testing, it is possible that a portion of the peptide was in the process of being degraded, thereby not providing an accurate picture of HSV-mediated changes in amygdala NPY levels. Another possibility is that the time course of HSV-mediated changes in amygdala NPY-ir is not highly correlated with HSVmediated changes in amygdala NPY gene expression, and either 4 days postinjection is not the most ideal time to measure NPY-ir following gene transfer surgery or the time course for antisense-induced decreases in peptide levels differs from that of overexpression. In addition, it is possible that the HSV technology adds a population of neurons that begin producing NPY, which may make overexpression techniques more effective in altering behavior and determining differences in neurochemistry. While this a potential caveat in utilizing viral vectors to overexpress a peptide, the results using local amygdala injections of the NPY Y1 receptor antagonist suggest that NPY release in the amygdala is involved in anxiety-related behaviors observed in the elevated plus maze test.
The nonpeptide NPY-Y1 receptor antagonist, BIBP 3226, increased anxiety-related behaviors in the elevated plus maze test. BIBP 3226 administration decreased the percent time spent and the number of entries into the open arms of the plus maze, without altering the number of total arm entries. These data suggest an overall increase in anxietyrelated behaviors without altering spontaneous locomotor activity. I.c.v. administration of BIBP 3226 has been shown to increase anxiety in the elevated plus maze test (Kask et al, 1996) and produce conditioned place aversions (Kask et al, 1999) without altering activity levels. BIBP 3226 injected into the periaquaductal gray also produces anxiogenic effects in the elevated plus maze; however, another study did not see changes in anxiety levels following BIBP 3226 injections into the amygdala, locus coereleus, or the PVN (Kask et al, 1998) . The doses of BIBP 3226 for amygdala injections were comparable to the dose used in the current experiment (0.5 and 2.5 vs 1.5 mg/side used in the current experiment). The finding in the current experiment that BIBP 3226 produced anxiogenic effects suggests that the two testing situations and/or procedures may have differed. Of particular significance may be the targeting of different amygdalar subnuclei. Our findings are further validated by previous evidence suggesting that intra-amygdalar administration of an NPY Y1 receptor agonist decreases anxietyrelated behaviors in the Geller-Seifter conflict test and administration of antisense oligonucleotides inhibits NPY Y1 receptor gene expression in the central nucleus of the amygdala decreases open arm exploration (increase anxiety) in the elevated plus maze test (Heilig, 1995) .
The amygdala was chosen as the anatomical target in these experiments because the anxiolytic effects of NPY in the elevated plus maze are thought to be mediated through this region, specifically the central nucleus of the amygdala. It has been proposed that the central nucleus of the amygdala receives NPYergic innervation from the nucleus of the solitary tract, arcuate nucleus, and lateral septum (see Kask et al, 2002 for a review; Zardetto-Smith and Gray, 1990) , and sends projections to the bed nucleus of the stria terminalis, which projects to the dorsal vagal complex and consequently may have effects on the autonomic nervous system (Allen et al, 1984, see Heilig and Widerlov, 1990 for a review). This circuitry may provide a partial explanation for the increased body weight seen in rats overexpressing amygdalar NPY. The PVN receives NPY input from the arcuate nucleus and is a brain region involved in NPYinduced increases in food intake (see Inui, 1999; Wilding, 2002 for a review). Although there are no known NPYergic pathways between the amygdala and the PVN (Gustafson et al, 1997) , it is possible that NPY indirectly affects the release of one or more of the neuropeptides involved in food intake in the amygdala, bed nucleus of the stria terminalis, and/or the hypothalamus. NPY Y1, Y2, and Y5 receptors and receptor mRNA are found in the amygdala (Gustafson et al, 1997; Parker and Herzog, 1999; Wolak et al, 2003) and each of these receptor subtypes has been implicated in anxiety (Kask et al, 2002) . NPY Y2 receptors are thought to act presynaptically as autoreceptors providing negative feedback to NPYergic nerve terminals, while NPY Y1 receptors are thought to act postsynaptically (Kask et al, 2002; Wolak et al, 2003) . NPY neurons in the amygdala project to the bed nucleus of the stria terminalis (Allen et al, 1984) , which also contains NPY Y1 receptors and NPY Y1 and Y2 receptor mRNA (Gustafson et al, 1997; Parker and Herzog, 1999; Wolak et al, 2003) .
Experiment 1 provides strong support for the use of viral vectors as a method of altering gene expression and peptide levels in the rodent brain. The results from this experiment are in congruence with previous evidence that NPY agonists decrease anxiety-related behaviors and NPY antisense administration increases anxiety-related behaviors. Virally mediated increases in amygdalar NPY gene expression and peptide levels most likely reduce anxiety-related behaviors through NPY Y1 receptors found in the amygdala, which would suggest that the behavioral effects of HSV overexpression of NPY arise from a local circuitry; NPY is produced in the amygdala, released in the amygdala, and binds to NPY Y1 receptors in the amygdala. This is supported by the increase in both NPY peptide levels and NPY gene expression in the amygdala following HSVmediated overexpression of amygdalar NPY. This is also supported by the reduction in anxiety-related behaviors seen following the administration of the NPY Y1 antagonist, BIBP 3226, into the amygdala and by the reductions of both anxiety-related behaviors and NPY peptide levels in the amygdala following intra-amygdala administration of HSV encoding for NPY antisense. While this is the most parsimonious explanation of our results, it is also possible that viral gene transfer alters NPY mRNA expression in amygdala neurons, which send NPY projections to other brain sites such as the bed nucleus of the stria terminalis or periaquaductal gray, which contain NPY receptors, to subsequently modify behavior. Nevertheless, these studies implicate NPY systems in the amygdaloid complex as important for anxiety-related responses in this model. Unlike transgenic mice, which lack anatomical and developmental specificity, the use of viral vectors produces changes in both gene expression and peptide levels that act within a specific circuit and during a specific time frame to alter a measurable behavior. These factors make the use of viral vectors an extremely powerful tool for studying brain-behavior relationships.
